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Behavioral and Psychophysiological
Markers of Disordered Attention
by Allan F. Mirsky*
Behavioral and psychophysiological assays provide the most sensitive indication ofwhether a presumed
neurotoxin has a deleterious effect on the nervous system. The effects of lead on the nervous system are
strongly suggestive that this agent can produce disturbances in attention; moreover, there are clinical
reports of such effects. The action of lead is also manifest in behaviors described as "hyperactive," or
reflecting "minimal brain damage." The core symptom in both disorders is probably impairment in at-
tention. The recent Diagnostic and Statistical Manual (DSM-III) oftheAmerican Psychiatric Association
usesthetermAttention Deficit Disordertoreplace such terms as hyperactivity and minimal brain damage.
Priorstudies ofthe behavioral toxicityofleadmayhaveusedinadequateorincomplete assaysofattention;
this could in part account for the variability in outcomes. Recent research on attention suggests that it
is a complex behavior consisting of a number of elements or components, each of which may be in part
dependent upon a different region of the central nervous system. Behavioral assays should examine the
components of attentive behavior using tests which are sensitive to the different elements. It is recom-
mended that psychophysiological assays (using cognitive event-related potentials), although moredifficult
and costly to implement, be used as well. These assays may provide a more dynamic view of altered
information processing in the brain and help to localize and characterize the behavioral impairment.
Introduction
Many of the contributions in this symposium have
pointed tothe necessity ofconductingbehavioral assays
ofcentral nervous system functions that are presumed
to have been compromised by toxicants. It is essential
to assess the behavior carefully and thoroughly, using
standardized tests if at all possible. The study by
Needleman and colleagues (1) ofthe behavioral effects
ofelevated dentine lead levels is a model in this regard.
Standardized tests will permit comparisons to be made
between the group that has presumably been damaged
and other groups ofsubjects with disorders ofdifferent
etiologies.
In ourresearch, weroutinely assess patients and con-
trolsubjects with acomprehensive battery ofneuropsy-
chologicaland psychometric tests designedtotap awide
variety of behavioral functions (Table 1). Specific ref-
erences to most ofthe tests in the battery can be found
in Mirsky and Duncan (2) or in a later section of this
paper.
Tests measuring some aspect ofattention are of spe-
cialimportance forthe present discussion because it has
been suggested that a number of the biological models
usedto measurethe effects oflead(andotherneurotoxic
agents) might also be relevant to human disorders of
hyperactivity or minimal brain damage (MBD). This is
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the case forthemodelspresented by Hofferand Altman
in this symposium and is suggested in McEwen's dis-
cussion of the effect of pseudosteroids. The core issue
in both hyperactivity and MBD is attention deficit; in
the third editionofthe diagnostic and statistical manual
ofthe American Psychiatric Association (DSM-III), the
terms hyperactivity and MBD are replaced bythe term
Attention Deficit Disorder (ADD), as this is viewed as
the key symptom:
The essentialfeaturesare signsofdevelopmentallyinappropriate
inattention and impulsivity. In the past a variety ofnames have
been attached to this disorder, including: Hyperkinetic Reaction
of Childhood, Hyperkinetic Syndrome, Hyperactive Child Syn-
drome, Minimal Brain Damage, MinimalBrainDysfunction, Min-
imal Cerebral Dysfunction, and Minor Cerebral Dysfunction. In
this manual, Attention Deficit is the name given to this disorder,
since attentional difficulties are prominent and virtually always
presentamongchildrenwiththese diagnoses. Inaddition, though
excess motor activity frequently diminishes in adolescence, in
children who have the disorder, difficulties in attention often
persist (3).
In a later section of this paper, I shall return to the
issue ofbehavioral assays of attention.
Psychophysiological Assays of
Attention-information Processing
In recent years there has been a substantial amount
ofcognitive psychophysiological research applied to at-
tention, or information processing, the term which is
favored by many cognitive psychologists. These EEG-
derived measures appear to hold great promise for theA. F. MIRSKY
Table 1. NIMH' laboratory of psychology and psychopathology
neuropsychological assessment battery.
Function
Executive
Sequencing, attention
Attention
Perception and reasoning
Concept formation and
abstraction
General intelligence
Language
Initiation
Lexical
Written
Comprehension
Auditory discrimination
Memory
Global
Recent verbal memory
Recent visual-spatial
memory
Remote memory
Motor functions
Orientation
Personality
Sensory and perceptual
Vigilance
Visual-spatial
Test
Trail Making Test
Stroop Test; Letter
Cancellation Test
Raven Standard Progressive
Matrices
Wisconsin Card Sorting Test;
Category Test (Halstead)
Wechsler Adult Intelligence
Scale-Revised
Controlled Oral Word
Association Test
Boston Naming Test
Boston Diagnostic Aphasia
Examination-Narrative
Writing
Token Test (Spreen and
Benton version, 1969);
Goldberg Semantic Aphasia
Test
Wepman Auditory
Discrimination Test
Wechsler Memory Scale
Buschke Selective Reminding
Test
Rey Auditory-Verbal Learning
Test
Recurring Figures Test
(Kimura)
Rey-Osterrieth Complex
Figure Test
Boston Famous Faces Test
(short form)
Television Test
Boston Recall Test
(short form)
Purdue Pegboard Test
Boston Apraxia Test
Temporal Orientation Test
(Benton)
Minnesota Multiphasic
Personality Inventory
Bioptor Vision Tests
Dvorine Pseudo-isochromatic
Plates
Titmus Stereo Tests
Harris Test of Hand
Dominance
Eye Dominance Test
Continuous Performance Test
Hooper Visual Organization
Test
Embedded Figures Test
(Witkin)
Butters' Embedded Figures
Test
future ofneuropsychological assessment, since they are
based on data recorded during behavioral paradigms
that tap aspects of attention, learning, and memory.
These methods ofcognitive psychophysiology are based
on patterns of brain waves recorded from the scalp.
Whereas EEG patterns reflect the brain's background
activity, event-related brain potentials (ERPs) show
how the brain responds to environmental events (hence
the term "event"-related). ERPs are transient voltage
fluctuations generated in the brain in conjunction with
sensory, motor, orcognitive events. Plotted onagraph,
the ERP comprises a series of positive and negative
voltages that occurwith different latencies following an
event.
At present, ERPs provide the only available window
on the neurophysiological transactions of the human
brain as it processes information on a millisecond-to-
millisecond basis. The ERP is a major source of infor-
mation about the neural bases of perception and cog-
nition by virtue of its strong correlations with a wide
variety of processes, including psychophysical judg-
ments, perception, selective attention, recognition,
decision making, expectation, memory, orienting re-
sponses, and specific language functions. Such corre-
lations have been observed for a number of ERP com-
ponents, including N100, N200, N400, P165, P300, and
contingent negative variation (4). The earlier negative
components (e.g., N100) are thought to reflect sensory
processing, although some effects of attention can be
demonstrated as well. A lexicon of ERPs is evolving,
designed to measure a wide array ofdynamic patterns
ofinformation transactions within the brain that occur
in conjunction with specific perceptual and cognitive
processes. The availability ofthese dynamic techniques
has begunto enrichimmeasurably ourknowledge ofthe
way in which information processing occurs in the brain
ofa particular subject, whether pathological or normal.
Therefore, the application of ERPs can add to our in-
formation about the cognitive processes by which var-
ious tasks are undertaken and the relative timing of
those processes.
The application ofthese methods to the study ofthe
effects oftoxicants should be productive. There are two
ERP components, among a number of others, which
appear to hold special promise for the assessment of
attention: The mismatch negativity, or MMN, occurs
when a stimulus does not match a previous repetitive
series of stimuli. MMN is an early, preattentive mea-
sure, apparently indexing what the cognitive psychol-
ogists refer to as automatic information processing (5).
The second component, or P300, is firmly linked to at-
tention, expectancy, and memorability (6), or effortful
or controlled information processing in the lexicon of
the cognitive psychologists. The P300 may be ofspecial
interest for the present discussion since there are data
to support the view that this ERP component is in part
generated in the hippocampus (7). If hippocampal cell
loss is one of the manifestations of lead intoxication
(8,9), the P300 could be an index of the central patho-
physiology of this toxicant. Figure 1 shows the ERP
aNational Institute of Mental Health, Bethesda, MD.
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FIGURE 1. Event-related potential(ERP)derivedfromhumanscalp
recording, elicited to an auditory stimulus (S) to which the sub-
ject's attention has been directed. The amplitude ofthe P300 com-
ponent indexes attention allocation, task demands, expectancy,
and memorability. The latency ofthis component indexes stimulus
processing time and is positively correlated with age (6). Figure
courtesy of C. C. Duncan (10).
recorded from the scalp, elicited by an attention-de-
manding stimulus in a special psychological test para-
digm.
The MMN appears between 50 and 200 msec poststi-
mulus (given the appropriate task); the P300 appears
between 250 and 400 msec (under appropriate task con-
ditions). The P300 (Fig. 1) is better known, and is sig-
nificantly reduced in amplitude in various clinical states
where attention impairment is a key symptom [i.e.,
schizophrenia (10); eating disorders (11); dyslexia (Dun-
can, personal communication)].
Some other examples can be provided of the use of
event-relatedpotentials intheinvestigation ofvariables
relevant to this symposium. The first example is from
an animal model study that examined the effects ofper-
inatal asphyxia on behavioral and electrophysiological
measures inthemonkey(12). Inthisinvestigation, mon-
key fetuses were subjected to experimental asphyxia-
tion (produced by compression ofthe umbilical cord) at
one of two periods: at term, or in the second trimester
ofprenatal development. Figure 2 shows the results of
the measurement ofauditory ERPs in the three groups
of subjects: control, animals asphyxiated at term, and
those asphyxiated at midpregnancy. As the figure
shows, asphyxia produced reduced amplitudes and de-
layed latencies ofthe early negative components ofthe
ERP (presumably tapping sensory processing effects)
in all ofthe experimental animals. Moreover, the effect
was especially pronounced in animals whose brains
showed evidence of cell loss in the inferior colliculus.
That such cell loss occurs with asphyxia would be ex-
pected from the studies of Ranck and Windle (13) and
Myers (14,15). These investigators showed the sensi-
tivity to asphyxic insult ofthis brainstem auditory nu-
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FIGURE 2. Auditory evoked potentials or event-related potentials
(ERPs) to an 82-dB 1/2-sec click source. Also included are ERPs
from T-C, a term asphyxiate with extensive brain damage, in-
cluding bilateral destruction of the inferior colliculi. The total
sweep time depicted is 425 msec; in each case the wave form
represents an average of200-300 samples. Note the relatively flat
ERPs for the three animals with inferior colliculus lesions (T-R,
T-Z, and T-C and for M-A) and the generally reduced amplitudes
of all asphyxiates (12).
cleus, presumably as a result of its high oxygen re-
quirement (16,17).
We turn now to examples of the application of cog-
nitive ERPs to human subjects suffering from various
types of cognitive impairment. The P300 wave, in par-
ticular, has been studied in a variety of populations
suffering from some obvious developmental disorder or
thought tobe atriskfordevelopingsome disorder. Pop-
ulations studied include children with ADD (18); chil-
dren with infantile autism (19); the offspring of schizo-
phrenic parents (20); the children of alcoholic parents
(21); and adults who were diagnosed as dyslexic, with
or without concomitant attention deficit disorder, as
children (Duncan, personal communication). Figures 3
and 4 present some preliminary results of the latter
investigation. The ERP measures appeared to distin-
guish between the two dyslexic subgroups and between
these two groups and the controls. All subjects were
male. Dyslexics who were diagnosed as likely to have
had Attention Deficit Disorder (ADD) as children had
a reduced voltage ofthe P300 wave in central cerebral
locations (Fig. 3) as compared with normal control sub-
jects. In contrast, those adult dyslexics who were di-
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FIGURE 3. Auditory ERPs from the central midline (Cz) placement
in normal control subjects and in two groups of adult dyslexics:
those with, and those without a probable diagnosis of ADD in
childhood. The ERPs were elicited in the course of an auditory
reactiontime task. Thenon-ADD dyslexicsarenotdistinguishable
from normal controls by this measure, whereas those with prob-
able ADD have aP300that is reduced in amplitude (from Duncan,
personal communication).
agnosed as not having ADD as children had normal
voltages of the P300 wave; however, the late compo-
nents oftheir ERPs (Fig. 4) appearto beasymmetrical.
The significance ofthis latter finding is not clear. How-
ever, the fact that the two hemispheres do not, in these
subjects, participate equally (by this metric) in infor-
mation processing is reminiscent of McEwen's discus-
sion of the effects of pseudosteroids in disrupting the
steroid-dependent lateralization offunctions inthe male
brain (22). Conceivably, this ERP measure could be
reflecting the action ofsome teratogen (such as lead) in
deranging the normal organization of areas subserving
speech and cognition in these subjects.
The Measurement of Disordered
Attention
In his paper in this symposium, Hoffer has referred
to attention deficit as a soft-neurological sign (9). The
difference between a soft and a hard neurological sign
is that the latter may be more easily related to demon-
strable lesions ofthecentralnervous system. Inthe last
several years we have attempted in our laboratory to
relate disorders of attention, such as are manifest in
ADD, petit mal epilepsy, and schizophrenia, to specific
lesions or other focal disturbances of central nervous
systemfunction. Iwillpresenthere someofthethinking
behind this approach, and some of the preliminary re-
sults of an effort to develop a more systematic and ra-
tional analysis of disturbed attentional function. Some
ofthis material, in a slightly different form, appears in
a discussion of behavioral effects of petit mal epilepsy
(23).
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FIGURE 4. Auditory ERPs from left and right central (C3 and C4)
placements from the same subjects in the investigation referred
to in Fig. 3. The non-ADD dyslexic group shows asymmetric late
componentswithreducednegativityintheright, ascomparedwith
the left central location (from Duncan, personal communication).
The Elements of Attention
In recent years cognitive psychologists have become
interested in the problem of attention, and insightful
and original analyses have been contributed by Kahne-
man (24), Posner (25), Shiffrin and Schneider (26), and
others. A useful review ofmany ofthese contributions,
in the context ofthe problem ofattention loss in schizo-
phrenia, has been provided by Nuechterlein and Daw-
son (27). Other earlier works on attention, edited by
Evans and Mulholland (28) and by Mostofsky (29) are
also apropos. An especially insightful discussion ofthe
problem also from the viewpoint of attention loss in
schizophrenia has been contributed by Zubin (30). Ac-
cording to Zubin's analysis, attention can be subdivided
into a number of elements or aspects. These include:
the capacity to focus upon or select some part of the
environment; the ability to sustain or maintain that fo-
cus for an appreciable period; and the ability to shift
adaptively from one aspect or element of the environ-
ment to another.
This analysis ofthe elementsofattentionaccords well
with some recent data obtained in the Laboratory of
Psychology and Psychopathology ofthe National Insti-
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tute ofMental Health. These data are derived from an
analysis of an extensive series of neuropsychological
tests (Table 1) administered to a variety ofpatient sub-
jects and controls, studied either as inpatients or out-
patients under avariety ofresearch protocols. The data
of most interest for this discussion involve the factor
analysis of 10 test scores commonly considered to be
measures ofattentionwhichwere, inturn, derivedfrom
8 frequently used tests of attention. These tests and
the scores derived from each, were as follows:
* The Trail Making Test (31); time to complete.
* Talland LetterCancellationTest (32); meannumber
correct.
* Digit Symbol Substitution Test (DSST) [subtest
from the Wechsler Adult Intelligence Scale (WAIS)
(33)]; number correct.
* Stroop Test (34); mean number of words.
* Continuous Performance Test (CPT) (35,36); mean
number of correct responses, X and AX task com-
bined.
* CPT; mean number oferrors ofcommission, A and
AX tasks.
* CPT; mean total reaction time for correct re-
sponses, X and AX tasks.
* Digit Span [subtest of the WAIS (33)]; total score
forward and backward.
* Arithmetic [subtest of the WAIS (33)]; highest
score.
* Wisconsin Card Sorting Test (WCST) (37); number
of errors.
The Trail Making Test, part of the Halstead-Reitan
neuropsychological battery, requires the subjects to
connect a series ofnumbers in order, with pencil lines;
then, the subject must alternate numbers and letters
in a similar task. The Talland Letter Cancellation Test
requires the subject to cross out designated letters in
a sheet of random letters. In the DSST the subject is
asked to write symbols below a series of digits in ac-
cordance with a digit-symbol code. The key feature of
the Stroop Test is the requirement that subjects read
aseries ofcolor names (red, green, blue) printed in inks
of contrasting colors. Their scores on simpler tasks
(reading color names printed in black, reading color
names of color patches) are also obtained.
The CPTis essentially avisualvigilance taskinwhich
subjects are required, for periods of 10 min at a time,
to press a response key for certain target letters and
to withhold responses to nontarget letters. X is the
target letter in the "X" task and X following A in the
"AX" task. Letters appear at 1 sec intervals with a
stimulus duration of 0.2 sec; targets are 25% of the
stimuli in the X task and 20% in the AX task. The Digit
Span and Arithmetic tests require the ability to hold
numbers in short-term memory, and either to repeat
them immediately (Digit Span) or to solve a verbally
presented mathematical problem. The WCST requires
subjects to sort a set oftest cards according to a set of
sample cards. The test cards present stimulus material
differing in color, form, or number, which usually do
not match the sample cards, and thus require some de-
cision as to the category which defines the match. The
correct sorting category is systematically changed by
the examiner after the subject has made a series of 10
correct sorts in a row.
The scores obtained by a group of 86 subjects (who
were also examined with a more extensive battery of
neuropsychological tests) were subjected to a factor
analysis and to an orthogonal rotation. The results of
this factor analysis (which will be reported in detail
elsewhere) indicated thatthe 10 scores described above
could best be characterized by a series of four factors.
Thesefactors accountedfor71%ofthevariance onthese
tests.
Table 2 presents the rotated factor weightings de-
rivedfromthisfactoranalysis, togetherwithatentative
identification ofthe component ofattention represented
by each ofthe factors. In four tests, Trail Making, Tal-
land Letter Cancellation, DSST, and Stroop, factor 1
appears to be heavily weighted; All tests appear to tap
some aspect of perceptual-motor speed and could be
designated as measuring the focusing aspect of atten-
tion. Since speed is in fact akey feature ofperformance
onthese tests, the execute component ofthetask seems
intertwinedwithfocusinthisfactor. The CPTmeasures
alone appear in factor 2, which can virtually unambig-
uously be designated a vigilance factor; therefore, it
seems reasonable to label this as reflecting the sustain
component ofattention. Factor3 is represented only by
the Digit Span and Arithmetic tests. It seems clearly
to assess a numerical-mnemonic quality of attention,
and the encode aspect ofattention/information process-
ing seems to capture this. Finally, factor 4 is repre-
sented by only one test, the WCST. As in the case of
factor 2, the identity of this factor seems readily ap-
parent; it taps the flexibility aspect of attention-the
capacity to shift. The same data are presented in rear-
ranged fashion in Table 3, which identifies the factors
and relates them to their presumed identity as a com-
ponent of attention.
The Localization of the Elements of
Attention
This discussion now turns to another related area, in
ordertobe able toincorporate thesebehavioralfindings
into a neuropsychological/neuroanatomical context. In
Figure 5 are presented a series ofsemischematic views
ofthe humanbrain, designed tobothillustrate and sum-
marize those regions of the cerebrum that current re-
search has implicated in one way or another as being
involved in attention. Beginning with the most rostral
depiction, at the lower right, are represented the tec-
tum and the mesopontine regions of the reticular for-
mation. Since the pioneering work of Moruzzi and Ma-
goun (38) and Lindsley and colleagues (39), these areas
have beenfirmlyestablished asrelated to consciousness
and attention. The mesial view ofthe right hemisphere
(centerofthefigure) depictsthemidlinethalamicregion
(and the reticular nuclei), for which a role in attention
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Table 2. Factor analytic study of attention measures.a
Rotated factor loadings
Measure Factor 1 Factor 2 Factor 3 Factor 4
Trail Making Test -0.797 0 0 0
Talland Letter Cancellation 0.754 0 0 0
Digit Symbol Substitution Test 0.726 0 0 0
Stroop Test 0.678 0 0 0
CPT, omission errors 0 -0.881 0 0
CPT, commission errors 0 0.877 0 0
CPT, response time 0 0.651 0 0
Digit Span 0 0 0.835 0
Arithmetic 0 0 0.719 0
Wisconsin Card Sort errors 0 0 0 0.826
Variance explained 24% 21% 14% 12%
Identity of factor Perceptual-motor speed Vigilance Numerical-mnemonic Flexibility
Component of attention Focus, execute Sustain Encode Shift
aTen measures, eighty-six subjects.
Table 3. Factor analysis of attention measures.
Variance Identity of
Factor Major loadings explained factor
1 Trail Making Test 24% Perceptual-
Talland Letter motor speed
Cancellation
Digit Symbol
Substitution Test
Stroop Test
2 CPT, omission errors 21% Vigilance
CPT, commission
errors
CPT, response time
3 Digit Span 14% Numerical-
Arithmetic mnemonic
4 Wisconsin Card Sort 12% Flexibility
a 1 = focus, execute; 2 = sustain; 3 = encode; 4 = shift.
is supported by the work of Ajmone Marsan (40) and
byJasper and co-workers (41). Inphantom onthisbrain
view are presented the corpus striatum and hippocam-
pus, as well as those portions ofthe medial frontal lobe
heavily concerned with attention, includingthe anterior
cingulate gyrus (42). The corpus striatum has recently
beenimplicated inthe neglect phenomenon (42,43). The
involvement of the hippocampus in attention is sup-
ported by both behavioral and by electrophysiological
measures; the classicalhippocampalthetarhythmindex
of arousal has been well described (44). Both Altman
(8) and Hoffer (9) have noted in discussion of their re-
spective models that lead can deplete microneurons in
the hippocampus (Altman) or decrease the growth of
hippocampal tissue in an ocular explant (Hoffer). These
models could account for the effects of lead on hippo-
campal tissue and a possible effect, therefore, on atten-
tion. The top two views provide a rough and tentative
summary of current knowledge of cortical areas impli-
cated in attention: the prefrontal cortex (45) and the
inferior parietal lobe, lesions of which may lead to the
neglect phenomenon. The inferior parietal lobule is
shown ofgreater size in the right hemisphere view be-
cause of the reported greater likelihood of neglect fol-
FIGURE 5. Semi-schematic representation ofbrain regions involved
in attention.
lowing right-sided lesions (42). Hoffer presented data
on the deleterious effects of lead on parietal cortical
tissue in his ocular explant. The role of the superior
temporal cortex (or, more accurately, the superiortem-
poral sulcus) as a multimodal sensory convergence area
with a presumptive role in attention is perhaps best
supported by the anatomical studies ofPandya and col-
leagues (46).
There is little doubt that the brain structures that
have been presented in Figure 5 could be construed to
form a system; anatomical connections among the var-
ious areas have been described and are represented
schematically in Figure 6. These pathways have been
well described [e.g., Jones and Peters (47)] and will not
be documented further here; they will be presented,
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FIGURE 6. Semi-schematic representation ofbrain regions involved
in attention; some interconnections among the regions are shown;
the connections are conceivably sufficient to support the concept
of an attention system.
however, in a more complete exposition ofthese ideas
in a later publication. Finally, the question arises as to
whether there can be a tentative assignment ofthe at-
tention functions described in Table 2 (derived in part
from Zubin) to the attention system components de-
picted in Figure 5. Since the bulk ofevidence indicates
that the components of attention are not equally rep-
resented throughout the brainregions, showninFigure
5,* such an assignment can be attempted. This is illus-
trated in Figure 7, which is an effort to combine these
two sources of information: the neuroanatomical-neu-
rophysiological and the behavioral-neuropsychological
(with special emphasis on the data of Tables 2 and 3).
It should be noted at the outset that this effort of
assigning functional specialization of components of at-
tention to differing brain regions is preliminary and is
not meant to be absolute; the possibility exists, more-
over, that some brain regions may share more than one
attentional function. Caveats aside, what is suggested
bythemodelis summarized inthefollowingparagraphs.
Attention canbesubdivided into anumberofseparate
functions including focus, execute, sustain, and shift.
These functions are supported by different brain re-
gions, which are (or have become) specialized for this
purpose, but which nevertheless are organized into a
*Forexample, CPTdeficit isnot associated withfrontal ortemporal
lobe dysfunction or lesions, but seems to be associated with brain
stem pathophysiological processes (49,50). By contrast, WCST im-
pairment is seen after frontal lobe, but not aftertemporal lobe lesions
(45).
Factor Function TECTUM, \
1 Focus MESOPONTINE RETICULAR Execute FORMATION
Execute'
S 2 Sustain
E 3 Encode
04 Shift
FIGURE 7. Semi-schematic representation ofbrain regions involved
inattention, withtentativeassignmentoffunctionalspecializations
to the regions.
system. The attention system is so widespread within
the brain that it is quite vulnerable, which accords well
with the data that disordered attention is a common
sequela ofcerebral dysfunction. Damage ordysfunction
in one ofthese brain regions can lead to circumscribed
or specific deficits in a particular attention function.
Thefunctionsoffocusingonenvironmentaleventsare
shared by superior temporal and inferior parietal cor-
tices, as well as by structures that comprise the corpus
striatum, including caudate, putamen and globus pal-
lidus. The inferior parietal and corpus striatal regions
have a strong motor execute function.
Considerable amounts of encoding of stimuli are ac-
complished by the hippocampus, an essential mnemonic
function that seems to be required for some aspects of
attention. The capacity to shift from one salient aspect
ofthe environment to another is supported by the pre-
frontal cortex. Sustaining a focus on some environmen-
tal event is the major responsibility of rostral struc-
tures, including the tectum, mesopontine reticular
formation and midline, and reticular thalamic nuclei.
Implications for Study of
Environmental Toxins
These considerations suggest that attention is a com-
plex and multifactorial behavior and that a more com-
plete and ultimately, more profitable assessment ofdis-
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ordered attention requires a battery ofprocedures that
canberelatedtosome schemeofcentralnervoussystem
localization. Some of the variability in the outcome of
theleadbehavioraltoxicitystudiesreviewedbyNeedle-
man and Bellinger (48) could reflect variability in the
measurements used to assess the behavior. Some be-
havioral assays ofattention may be less sensitive to the
effects of some toxic agents than others, and the key
to the differential sensitivity may ultimately be under-
stoodinterms ofaframeworksuchasthe onepresented
in this paper.
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